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After these substitutions are made, the integration can be performed according to 
the standard rules of calculus, bearing in mind that the relevant integration limits 
of 0 and L must first be changed accordingly. When y = 0 


Z = Ld 


When y — L 

Z = Ld+L{D-d) = LD 
With the limits so altered, we obtain 

AL= -- + 2d^ - (19.8) 

Checking the dimensions yields 

lb in.^ . o in.^ 

—^ X -7 X m. X -TT— = m. 

in. in. x in. lb 


DISCUSSION OF TAPERED BAR FORMULA 


Additional check after such a derivation should involve reducing the more general 
expressions, such as Eq. (19.8), to any simpler and better known formulations [21]. 
For instance, making d = 0, Eq. (19.8) reduces to a standard formula for the total 
elongation of a sharp-pointed conical bar. 


AL = 


7^2 


(19.9) 


However, further interpretation of Eq. (19.8), aimed at providing a simple formula 
for a bar of constant cross section, necessitates the condition D = d, which leads 
to an indeterminate form where both numerator and denominator vanish. This 
difficulty can be eliminated through the application of a powerful mathematical 
technique known as L’Hospital’s rule [111]. The method usually involves one or 
more differentiations of the numerator and denominator individually until the form 
of the quotient becomes determinate. To illustrate this, consider Eq. (19.8). The 
first differentiation with respect to d gives 


6d2 - 6Dd 
QD{-2D-\-2d) 


0 

0 


for d = D 


Second differentiation results in 


12d-6D 1 

12D ~ 2 


for d = D 



